Abstract: Revival studies of Aeropyrum pernix show that the viability of cells and cell recovery after heat treatment depends on the temperature of treatment. Differential scanning calorimetry (DSC) is used to analyze the relative thermal stabilities of cellular components of A. pernix and to identify the cellular components responsible for the observed lag phase and reduced maximum growth following a heat treatment. DSC thermograms show 5 visible endothermic transitions with 2 major transitions. DSC analysis of isolated crude ribosomes aids the assignment of the 2 major peaks observed in whole-cell thermograms to denaturation of ribosomal structures. A comparison of partial and immediate full rescan thermograms of A. pernix whole cells indicates that both major peaks represent irreversible thermal transitions. A DNA peak is also identified in the whole-cell thermogram by comparison with the optical data of isolated pure DNA. DNA melting is shown to be irreversible in dilute solution, whereas it is partially reversible in whole cells, owing at least in part, to restricted volume effects. In contrast to mesophilic organisms, hyperthermophilic A. pernix ribosomes are more thermally stable than DNA, but in both organisms, irreversible changes leading to cell death occur owing to ribosomal denaturation.
Introduction
Archaea, the third domain of living organisms, have cell structures and biocomponents markedly different from those found in bacteria and eucaryotes. Their unique features include distinct rRNA motifs, ether-linked membrane lipids, and unique cell wall components (Bernander 1998) . According to their ''extreme'' environmental niche, they can be divided into 3 broad phenotypes: the extreme halophiles, thermophiles, and methanogens (Cowan 1992) . Hyperthermophiles grow above 80 8C and are unable to grow below 60 8C (Blöchl et al. 1995) . Aeropyrum pernix is a thermophile isolated from a coastal solfataric thermal vent in Kodakara-Jima Island of Japan (Sako et al. 1996) . It is the first reported obligately aerobic and neutrophilic hyperthermophilic archaeon, with optimum growth temperature between 90 and 95 8C and optimum growth pH around 7. Aeropyrum pernix grows in the presence of NaCl from 1.8% to 7.0% with an optimum around 3.5% (Sako et al. 1996) . Hyperthermophilic organisms are mostly investigated for isolation of thermostable enzymes for use in biotechnological applications. Although their adaptation to heat is apparent because of their optimal growth temperature above 80 8C, it is not entirely understood which cellular components are responsible for their thermal tolerance.
Differential scanning calorimetry (DSC) is a thermal analysis technique that detects and monitors thermally induced conformational transitions and phase transitions as a function of temperature. DSC has been applied to evaluate cell inactivation for bacterial cells (Miles et al. 1986; Anderson et al. 1991; Mackey et al. 1991; Teixeira et al. 1997; Kaletunç 2002a, 2002b) , spores (Belliveau et al. 1992) , and mammalian cells (Lepock et al. 1988 (Lepock et al. , 1990 ) during heat treatment. The thermal stabilities of a number of overlapping endothermic transitions corresponding to denaturation of major cellular components were characterized from DSC thermograms. Mackey et al. (1991) assigned individual transition peaks on the thermogram of whole cells of Escherichia coli to cell components by comparing the transition temperatures of isolated cell components with corresponding transition temperatures in whole cells. Ribosomes comprise a major part of the dry mass of the bacterial cells and have been identified as the major peak on the DSC thermogram of whole bacterial cells (Miles et al. 1986; Anderson et al. 1991; Mackey et al. 1991; Teixeira et al. 1997; Lee and Kaletunç 2002b) . DNA is one of the most stable macromolecules in bacteria. It shows reversible endothermic transition at temperatures well above the temperature of cell inactivation (Miles et al. 1986; Anderson et al. 1991; Mackey et al. 1991; Lee and Kaletunç 2002b) .
The purpose of the present work was to characterize the thermally induced transitions in whole cells of the hyperthermophilic archaeon A. pernix and to assign the transitions to cellular components based on calorimetric and optical data of isolated cell components to identify cellular components responsible for the thermal stability of the organism.
Materials and methods

Growth of A. pernix
Aeropyrum pernix K1 was purchased from Japan Collection of Microorganisms (JCM number 9820, Wako-shi, Japan). The culture medium contained 37.4 g of Bacto marine broth 2216 (Difco) and 1.0 g of Na 2 S 2 O 3 Á5H 2 O/L. The final NaCl concentration in the culture medium was 19.45 g/L. The growth medium pH was maintained at pH 7 by using 20 mmol/L HEPES buffer. Aeropyrum pernix cells were grown at 92 8C in 800 mL of growth medium inside a 1000 mL heavy wall flask using magnetic stirring hot plate and forced aeration (0.5 L/min) as described by Milek et al. (2005) . The temperature dependence of the HEPES buffer ionization constant (-0.014 pH unit/8C) was taken into consideration. Cell growth was monitored by measuring optical density at 650 nm (OD 650 ) using a spectrophotometer Fullerton, California) . After reaching mid to late exponential phase after approximately 30-35 h, the growth medium was centrifuged (Beckman J2-21 centrifuge) at 10 000g for 10 min at 4 8C to separate the cell pellet. The pellet was washed with 150 mL of 20 mmol/L HEPES buffer containing 3% NaCl. The moisture content of the pellet was determined by freeze-drying (Freezone 4.5 freeze-dry system, model 77510, Labconco, Missouri).
Growth of heat treated A. pernix
Aeropyrum pernix culture (5 mL) grown to late exponential phase was placed in screw-capped test tubes. The tubes were immersed in a heated oil bath for 15 min at various temperatures: 92 ± 2, 109 ± 2, 115 ± 2, 121 ± 2, 131 ± 4, or 170 ± 5 8C. The temperature was measured in a reference tube by a digital thermometer (Testo 925, Testo AG, Lenzkirch, Germany). The 5 mL of heated culture was used to inoculate 45 mL of fresh growth medium (marine broth). Incubation was performed in a shaking water bath (Kambič, Slovenija) at 92 8C and 80 r/min. Growth of archaea was monitored by measuring OD 650 .
DSC analysis of A. pernix whole cells
A differential scanning calorimeter (DSC 111, Setaram, Lyon, France) was used for collection of thermograms of whole cells and isolated ribosomes. Temperature and heat calibration of DSC was confirmed using indium as a standard material. All DSC measurements were conducted using fluid-tight, stainless steel crucibles. A DSC thermogram with empty sample and reference crucibles was collected to record the empty crucible baseline. Cell pellets (70.0 ± 0.3 mg wet mass) after buffer washing were transferred into the sample crucible. Washing buffer, similar in mass to the moisture in the sample (approximately 80% of wet cell mass), was placed in the reference crucible to attenuate the heat flow in the DSC. Crucibles were sealed using an aluminum o-ring, weighed, and placed in the DSC. Each sample was heated from 25 to 180 8C at 4 8C/min heating rate. Samples were reweighed after DSC measurements to check for loss of mass during heating. Thermograms of samples showing signs of leakage were not used. DSC thermograms of samples were corrected for differences in the empty crucibles by subtracting of an empty crucible baseline. Peak areas (apparent enthalpies, J/g) were determined from the apparent heat capacity vs. temperature graph using software provided by the instrument manufacturer.
Heat pretreatment of whole-cell pellets in the DSC
Partial heat scans were performed in the DSC by heating the sample to 115, 118.5, 121, 135, or 180 8C at 4 8C/min. Then, the sample was rapidly cooled back to 25 8C in the DSC. An immediate second DSC scan was performed from 25 to 180 8C at 4 8C/min to assess the reversibility of thermally induced transitions in archaeal cells. The resulting data were utilized for the deconvolution of whole cell thermogram. The multipeak Gaussian model was used (Origin 6.1 software package, Microcal TM Software Inc., Northampton, Massachusetts) to simulate the DSC thermogram of control A. pernix cells.
Preparation and DSC analysis of crude ribosomes
Aeropyrum pernix was grown in HEPES buffer at pH 7, which was adjusted at ambient temperature prior to growth. After growth, the medium (800 mL) was centrifuged (J2-21 centrifuge, JA-14 rotor, Beckman) at 8500g for 10 min at 4 8C. The resulting cell pellet (1 g wet mass) was resus-pended in 20 mL of 20 mmol/L HEPES buffer (pH 7.5) containing 10 mmol/L MgCl 2 , 100 mmol/L NH 4 Cl, and 1 mmol/L DTT. The suspension then was centrifuged at 10 000g for 10 min at 4 8C. If not used immediately the resulting pellet was stored at -80 8C for later use.
Aeropyrum pernix crude ribosomes were prepared according to the procedure described by Lee and Kaletunç (2002b) with modifications. The fresh or thawed cell pellet was resuspended in 10 mL of 20 mmol/L HEPES buffer (pH 7.5) containing 10 mmol/L MgCl 2 , 100 mmol/L NH 4 Cl, 1 mmol/L DTT. The cell suspension was disrupted by passing it 2 times through a cooled French press (AMINco SLM Instruments, Inc., Urbana, Illinois). The resultant material was centrifuged (Beckman L85, 55 mol/L ultracentrifuge, rotor 50.2 Ti) at 30 000g for 20 min at 4 8C to remove cell debris. The supernatant was collected and centrifuged at 100 000g (Ti-70 rotor) and 4 8C for 16 h to obtain crude ribosome pellets.
DSC thermograms were corrected for differences in the empty crucibles by subtracting an empty-crucible baseline. Peak temperatures for the thermally induced transitions were also determined.
Preparation and UV spectroscopy analysis of isolated genomic DNA
After growing the cells to mid to late exponential phase, the growth medium was centrifuged (Beckman J2-21 centrifuge) at 10 000g for 10 min at 4 8C. The resulting cell pellet was washed and resuspended in TE buffer (10 mmol/L TrisHCl, 1 mmol/L EDTA, pH 8). Genomic DNA was isolated according to Pitcher et al. (1989) with the modification of using chloroform-isopropanol mixture (24:1) instead of chloroform -2-pentanol mixture. The resulting DNA was purified with phenol/chloroform extraction and precipitated with isopropanol as described by Perler et al. (1995) . Purified DNA in TE buffer was desalted by passing through a PD 10 desalting column (Amersham Biosciences, Uppsala, Sweden) and precipitated. The DNA pellet was resuspended overnight at 4 8C in 5 mmol/L cacodylate buffer (pH 7) and then extensively dialyzed 3 times for 8 h against 5 mmol/L cacodylate buffer (buffer to DNA solution volume ratio of approximately 250) at 4 8C. Aliquots were stored frozen at -20 8C until use.
DNA solution in 5 mmol/L cacodylate buffer at pH 7.0 was used for UV melting experiments. A 1 cm path-length Quartz glass cuvette (Hellma, Mühlheim, Germany) was placed inside a spectrophotometer (HP 8453, Hewlett Packard, Palo Alto, California) equipped with a Peltier temperature controller (Agilent 89090A, Agilent Technologies, Palo Alto, California). The instrument was programmed so that absorbance values at 260 nm were monitored every 0.5 8C over the temperature range of 25-99 8C with 1 min holding time at each temperature. The DNA solution in 5 mmol/L cacodylate buffer had OD 260 = 0.21 ± 0.05 at 25 8C corresponding with the DNA concentration of 15.6 ± 3.9 mmol/L DNA per base pair. The NaCl concentration was varied from 0 to 0.5 mol/L. The denaturation temperature, T m , of DNA was determined from the inflection point of the thermally induced denaturation profile of DNA.
Results
Effect of heat treatment on growth of A. pernix
The growth of A. pernix following 15 min of heat treatment at various temperatures is shown in Fig. 1 . Heat treatment at temperatures of 109 and 115 8C affected mainly the lag phase after inoculation and the maximum cell density obtained, whereas the initial growth rate remained similar. Significant changes in growth characteristics of A. pernix were observed after a heat treatment at 120 8C; A. pernix is able to grow after a prolonged lag phase of 70 h with a slower initial growth rate to a reduced maximum cell density. However, after 15 min heat treatments at 131 or 170 8C, A. pernix growth was not observed for 115 h following inoculation. Growth curve after 15 min heat treatment at the optimum growth temperature of 92 8C did not show any lag phase and is included as a control in Fig. 1 .
Thermograms of A. pernix whole cells
The thermogram of A. pernix whole cells exhibited 2 major overlapping endotherms with peak temperatures of 119 (peak b) and 133 8C (peak c) (Table 1 and Fig. 2) . Peak c had a higher temperature shoulder, indicating the presence of an overlapping endothermic transition (peak d). An additional endothermic transition of low enthalpy (peak a) was also partially visible around 105 8C together with a shoulder, s, prior to peak b. the area between the thermogram and the baseline, decreased as a function of pretreatment temperature mainly owing to a reduction in the areas of the major peaks (Table 1 ). The major transition peaks b and c were obliterated after heating to 121 and 135 8C, respectively (Fig. 3 , thermograms D and E). A partial scan to 115 8C causes the shoulder, s, to disappear and peak a to be more pronounced (Fig. 3, thermogram B) . Similarly, after a partial scan to 135 8C, peak d becomes more pronounced in the immediate second scan thermogram. Peak a shifts to lower temperature with increasing pretreatment temperature (Table 1 ). An immediate second scan after heating A. pernix pellet to 180 8C produces a featureless DSC profile, indicating absence of any native cellular components (Fig. 3, thermogram F) . The immediate rescan thermograms are utilized to calculate the areas of major peaks observed. The thermogram data for control cells (solid line, Fig. 4 ) are deconvoluted based on the calculated areas of individual peaks a, s, b, c, and d from immediate rescan data. The fitted curve calculated based on the deconvoluted data is shown as dashed line (Fig. 4) . Only 4 individual peaks (displayed with various symbols) are observable because the contribution from peak s is negligible in comparison with the other peaks.
Effect of heat pretreatment on the DSC profiles of
DSC thermograms of crude ribosomes
The thermogram of crude ribosomes isolated from A. pernix cells (Fig. 5, thermogram B) shows 4 overlapping endothermic transitions (transitions a', s', b', and c') over a temperature range of 85-150 8C. Specifically, the peak temperatures of the transitions were determined to be 93, 105, 119, and 133 8C for transitions a', s', b', and c', respectively. The total apparent enthalpy for denaturation of crude ribosomes calculated from DSC thermogram is 5.6 J/g wet ribosome pellet mass.
UV melting profiles of isolated DNA
The UV melting profiles of DNA isolated from A. pernix cells was recorded at 260 nm in a pH 7.0 buffer containing 0 to 500 mmol/L NaCl. Denaturation temperature of genomic DNA at pH 7.0 (5 mmol/L cacodylate buffer) was determined as the first derivative of absorbance at 260 nm over temperature, dA/dT, to be 71.7 8C in the absence of NaCl and increased linearly with log NaCl concentration. An immediate repeat scan after cooling to ambient temperature showed that thermal denaturation of isolated genomic DNA in vitro was irreversible after heating to 100 8C (data not shown). Milek et al. (2005) reported that A. pernix cells have an initial lag time of less than an hour after inoculation. The revival studies reported here of heat-treated A. pernix cells showed temperature-dependent growth properties up to 120 8C, and cell recovery was not apparent for 115 h after heat treatment above 130 8C. Given the similar cell growth rates observed, the reduced maximum cell density as a result of heat treatment implies lower concentration of cells in the inoculum. The observation of fewer surviving cells as the heat treatment temperature increases may indicate variable heat sensitivity within a genotypically identical population as proposed in the literature for bacteria (Kilsby et al. 2000) . However, the major observed effect of increasing the temperature of heat treatment was a prolonged initial lag phase of the growth curve, suggesting the necessity of an adaptation period for cells to recover after the heat treatment. Therefore, the observed result of increasing lag time with a concomitant decrease of maximum cell density may be attributed to damage to one or more cellular components of the cell. Based on the severity of treatment, reversible or irreversible changes occur in cellular components. As the recovery kinetics of reversible changes to damaged cellular components decrease, the recovery time for cells increases, resulting in increased lag phase time.
Discussion
In this study, DSC and temperature-dependent UV spectroscopy were applied to whole cells and some isolated cel- 
Fig. 4. Deconvoluted whole-cell thermogram of Aeropyrum pernix,
Experimental data (solid line), fitted data (broken line), peak 1 (&), peak 2 (^), peak 3 (*), and peak 4 (~). lular components to monitor the changes in cellular components during heat treatment and to identify the cellular components responsible for failure of the cells to recover. Because of the ability to collect data at temperatures well above 100 8C, DSC is ideally suited for hyperthermophile stability studies.
Whole vegetative cells of A. pernix reproducibly exhibit thermograms containing multiple overlapping peaks (Fig. 2) . Similar overlapping endothermic transitions in the DSC thermograms of mesophilic and thermophilic bacteria are reported by several groups (Miles et al. 1986; Mackey et al. 1991; Lee and Kaletunç 2002b) . The endothermic transitions reported for bacteria occur at lower temperatures (50 to 115 8C) in comparison with the A. pernix transitions. For bacteria, the transitions were assigned to thermal denaturation of certain cellular components including ribosomes and DNA, based on comparison of the transition temperatures of isolated cellular components with the corresponding transition temperatures in whole cells (Mackey et al. 1991; Lee and Kaletunç 2002b) . Based on DSC studies of bacteria and because ribosomes are the major fraction of the dry cell mass, we speculate that the major endothermic transitions, b and c, (Fig. 2) observed during heating of A. pernix, correspond primarily to denaturation of the ribosomal structures. To confirm that speculation, we isolated ribosomes from A. pernix and analyzed the isolated ribosomes by DSC. The thermogram of crude ribosomes shows 4 visible overlapping endothermic transitions (peaks a', s', b', and c') of which peak s' appears as a shoulder (Fig. 5, thermogram B) . The major crude ribosome transitions, b' (119 8C) and c' (133 8C), have similar thermal stabilities to the corresponding endothermic transitions, b (119 8C) and c (133 8C), observed in the whole cell thermogram. In addition, peak s' has a similar temperature (105 8C) to peak s in the whole cell thermogram. The transition corresponding to peak s appears to be a thermally irreversible transition based on partial heating scans in the DSC. Thus, we propose that the major thermal transitions b and c and the shoulder s observed in the A. pernix whole cell thermogram (Fig. 2) to correspond predominantly to the denaturation of ribosomal structures.
Bacterial ribosomes are known to contain approximately 38% protein (Noller and Namura 1987) , the denaturation of which is expected to contribute to the endothermic transitions observed in thermograms of whole cells and crude ribosomes. A comparison of thermograms for bacterial mesophiles (Miles et al. 1986; Anderson et al. 1991; Mackey et al. 1991; Teixeira et al. 1997; Kaletunç 2002a, 2002b ) with those of A. pernix shows that the major difference between a mesophilic and a hyperthermophilic organism is the higher thermal stability of ribosomes for the latter. It has been reported in the literature that the thermal stability of the proteins increases from mesophilic to thermophilic and to hyperthermophilic organism corresponding with the growth temperature of the source organism. Specifically, Li et al. (1998) reported increasing unfolding temperature for histones and Karantzeni et al. (2003) showed higher thermal stability for DNA polymerase from the thermophilic bacterium Thermus aquaticus than from mesophilic Escherichia coli polymerase.
The revival studies for A. pernix cells show a decrease in recovery after heat treatment at 115 8C, whereas the results of heat treatment in DSC show loss of shoulder (s), an irreversible change, in the rescan after heating to 115 8C. Thermal denaturation of critical structures in whole cells of A. pernix begins at a temperature approximately 20 8C above the organism's optimal growth temperature. This result is similar to the observation reported by Miles et al. (1986) for bacterial thermal deactivation beginning at least 10 8C above the optimum growth temperature of the organism and existence of an apparent relationship between the thermal resistance and the onset of thermal deactivation of the organism. The immediate rescan after a partial scan in the DSC up to 121 8C shows the loss of peak b, whereas peak c remains present, suggesting the occurrence of 2 independent thermally induced events. Loss of peak b appears to be related to a significant increase in the initial lag time and a reduced maximum cell density. The absence of peak b in the immediate rescan suggests that denaturation of the corresponding cellular component is irreversible. However, it is probable that the recovery of the cellular component is slow and as long as the cellular component corresponding to peak c can function, cell growth occurs after a prolonged lag time. On the other hand, the loss of cellular components corresponding with both peaks b and c after heating in the DSC to 135 8C (Fig. 3 , thermogram E) eliminates cell growth in revival studies (Fig. 1) , suggesting irreversible changes in the cell occur after thermal denaturation of cellular components corresponding to both peaks b and c. Because viability tests show independently that A. pernix is not able to grow after heating to 131 8C, we propose that peaks b, c, and s are associated with inactivation of A. pernix cells, whereas the event corresponding to peak d does not affect the inactivation of the cells.
Peak a, which is obscured by overlap with peaks s and b in the control cell thermogram, becomes visible after heat pretreatment. This finding suggests that whereas peaks s and b are irreversible transitions, peak a is a reversible or partially reversible transition depending on the severity of heat treatment. In fact, increasing the pretreatment temperature lowers the thermal stability of peak a, suggesting partial reversibility upon cooling if the structure corresponding to the event shown as peak a is a multicomponent complex. DNA exists in the cell as a folded structure stabilized by interaction with proteins and polyamines (Stonington and Pettijohn 1971) . If preheating causes the denaturation of interacting compounds, the DNA itself becomes less resistant to heat, which may cause the observed reduction of thermal stability with the increasing temperature of heat treatment. Furthermore, DNA in cells is a very large molecule and it will not likely to reestablish complete sequence alignment upon cooling, which also may contribute to a reduced thermal stability in the rescan thermograms. Previous DSC studies on whole bacterial cells and isolated cellular components indicate that only denaturation of DNA shows reversible or partially reversible transitions (Miles et al. 1986; Anderson et al. 1991; Mackey et al. 1991; Kaletunç 2002a, 2002b) . Therefore, we speculate that the reversible transition observed over the temperature range of 95-100 8C for A. pernix is the denaturation of DNA. The appearance of peak a' in the crude ribosome thermogram (Fig. 5, thermo- gram B) is also attributed to denaturation of DNA because DNase was not used during preparation of the crude ribosomes. The lower thermal stability of peak a' may also be attributed to removal of some stabilizing proteins during the crude ribosome preparation procedure. For mesophilic organisms, DNA denaturation occurs at around 90-95 8C (Miles et al. 1986; Mackey et al. 1991; Kaletunç 2002a, 2002b) making DNA one of the most stable components in a mesophilic cell. However, even though the melting temperature of DNA is similar to that of mesophilic organisms, in A. pernix the DNA has a lower thermal stability than ribosomal structures.
The melting temperature (T m ) of isolated and purified bacterial DNA is related to its G+C content (FrankKamenetskii 1971; Mackey et al. 1988 ) and ionic strength in the solution. A. pernix DNA was reported to have 67 mol% of GC (Sako et al. 1996) and estimated to have internal salt concentration of approximately 500 mmol/L. Mackey et al. (1988) showed that a linear relationship exists between the DNA melting temperature determined from whole-cell DSC thermogram and the spectroscopically determined melting temperature of pure DNA in solution based on data from 58 species of bacteria. The melting temperature of intracellular DNA for A. pernix is calculated using the equation proposed by Mackey et al. (1988) to be 100 8C, which is similar to the temperature of peak a in the whole cell thermogram (Table 1) , thus suggesting that peak a corresponds to the in vivo denaturation of DNA. The slightly higher thermal stability observed in vivo can be attributed to the stabilization of DNA owing to interaction with other cellular components such as proteins, RNA, or polyamines (Tarahovsky et al. 2002) as well as the presence of divalent ions such as Mg 2+ inside the cell (Dove and Davidson 1962) .
The results of the whole cell thermograms suggest that DNA denaturation in the cell is a reversible or partially reversible process up to a pretreatment temperature of 135 8C, whereas the UV spectroscopy results of isolated DNA in solution with or without presence of NaCl show an irreversible melting process. The reasons for the apparent inconsistency between these results may be due to the restricted movement of single strands formed by melting DNA inside the cell so that the probability of sequence realignment of 2 complementary single strands is higher inside the cell in comparison with 2 complementary single strands in a dilute solution. Therefore, partially reversible melting of DNA may be observed in vivo. The presence of proteins and multivalent cations in the cell that bind to and organize the DNA also change the DNA's denaturation and renaturation behavior. If the proteins bind more tightly to doublestranded DNA relative to the single-stranded form, the proteins cause the DNA to be more thermally stable. The restricted volume and protein binding combine to produce observed behavior of DNA in the cell.
The thermograms of A. pernix whole cells comprise 5 observable transitions, although owing to the complex nature of cells, it is probable that a larger number of transitions with similar thermal stabilities are present. Multiple transitions may occur within the same temperature range and may be obscured by the transitions associated with the larger denaturation peaks of major cellular components, such as ribosomes. By comparison to the transitions observed for isolated crude ribosomes and DNA, we have shown that 2 major transitions are due to denaturation of ribosomal structures. Whereas it is possible that a denaturation event that is obscured in the thermograms by the ribosome peaks is responsible for loss of viability, it is reasonable to attribute the critical event to ribosome denaturation given the critical function of ribosomes in protein synthesis.
Calorimetric data can be used to assess the relative thermal stabilities of cellular components to heat treatment, thereby identifying the critical major components responsible for cell inactivation as well as explain the reasons for observed growth characteristics of prolonged lag time and reduced maximum cell density as a function of heat treatment. By comparing partial and immediate full rescan thermograms of whole cells, we identified the relative thermal stabilities of the cellular components that have reversible or irreversible conformational changes as a response to heat stress. These results demonstrate that in the hyperthermophile A. pernix ribosomal structures have a higher thermal stability than DNA, which is the opposite of the observed order of denaturation in mesophiles. Similar to mesophiles, denaturation of ribosomal structures is associated with inactivation of the hyperthermophiles. These observations may extrapolate the hyperthermophiles in general; however, experimental confirmation will be required.
